INTRODUCTION
Cardiovascular disease is a major cause of morbidity and mortality worldwide. Atherosclerosis is the major cause of cardiovascular disease (that is, myocardial infarction, stroke, peripheral vascular disease and aortic aneurysm), 1,2 which does not usually develop until middle age, although it begins in childhood. 3, 4 The major risk factors for atherosclerosis are hypertension, smoking, diabetes and dyslipidaemia. Dyslipidaemia is an abnormal amount of lipid (that is, cholesterol and fatty acids) and/or lipoprotein in the blood that may be related to other diseases (secondary dyslipidaemia) or to the interaction between genetic predisposition and environmental factors, such as unhealthy diet, lack of physical activity and/or weight gain, 5 the most common of which is obesity. 6 The prevalence of overweight and obesity among 12-17-year-old adolescents in Balearic Islands was 17.5 and 10.4%, respectively. 7 The increase in overweight and obesity in children and adolescents, a major health problem in these age ranges, may be linked to increased rates of dyslipidaemia. 6, 8 There is no evidence that diagnosis and treatment in childhood and adolescence improves long-term primary outcomes; however, several previous studies have shown that~50% of children with high lipid and lipoprotein levels, abnormal levels will persist over time. [9] [10] [11] [12] Adverse serum lipid levels in children predict dyslipidaemia in adulthood and adverse levels of non-highdensity lipoprotein cholesterol (non-HDL-chol) are also related to non-lipid cardiovascular risk factors in adulthood. 13 Therefore, the aim of this study was to assess the prevalence of dyslipidaemia and associated risk factors among adolescents (12) (13) (14) (15) (16) (17) year-olds) living in the Balearic Islands, a Mediterranean region.
MATERIALS AND METHODS

Study design
The study is a population-based cross-sectional nutritional survey carried out (2007) (2008) in the Balearic Islands (Spain), a Mediterranean region.
Selection of participants, recruitment and approval
This study is part of a larger research project in which the target population solely consisted of inhabitants aged between 12-17 years old living in the Balearic Islands, which has been described in more detail elsewhere. 7, 14 The sample population was taken from 12-17-year-old residents registered on the Balearic Islands' school census. The sampling technique included stratification according to the size of the town, the age and gender of the inhabitants and randomisation into sub-groups, with Balearic Islands' municipal districts being the primary sampling units, and individuals within these municipal districts making up the final sample units. Participants were invited to provide blood samples in order to determine the biochemical parameters. Three hundred and sixty-two subjects took part in the biochemical phase, and this sample size was considered enough to detect risk factors with 95% confidence and a precision rate of 5.1%. The reasons for not taking part were (a) the subject declined or (b) the parents did not authorise the interview or blood sample provision. The interviews and anthropometric measurements were performed at schools by well-trained observers to avoid inter-observer variation coefficients. Inter-and intra-observer variation coefficients were o5%. The blood samples were also taken at the schools.
This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Balearic Islands' Ethics Committee (Palma de Mallorca, Spain).
General questionnaire
Information was collected about age, place of birth (Balearic Islands; Spanish mainland; Latin America; and other countries), parental educational level (grouped according to years and type of education: low, o 6 years of education; medium, 6-12 years; high, ⩾ 12 years) and parental socio-economic level (based on the parents' occupation and classified as low, medium and high, according to the Spanish Society of Epidemiology methodology 15 ).
Physical activity was evaluated according to the guidelines for data processing and analysis of the International Physical Activity Questionnaire 16 in its short form. The specific types of activity assessed were walking, moderate-intensity activities (that is, physical activity at school), vigorous-intensity activities (that is, sports practice) and sitting time (used as an variable indicator of time spent in sedentary activity). According to recent reports about physical activity for adolescents, 17, 18 sedentary behaviour was established with a cut-off level of 300 min of moderate/vigorous physical activity per week. 19 
Anthropometric measurements
Height was determined using a mobile anthropometer (Kawe 44444, Kirchner & Wilhelm GmBH Co. KG, Asperg, Germany) to the nearest millimetre, with the subject's head in the Frankfurt plane. Body weight was determined to the nearest 100 g using a digital scale (Tefal, sc9210, Groupe SEB, Rumilly, France). The subjects were weighed in bare feet and light underwear. The waist circumference (WC) was measured as the smallest horizontal girth between the costal margins and the iliac crests at minimal respiration using a non-stretchable measuring tape (Kawe 43972, Kirchner & Wilhelm GmBH Co. KG) to the nearest 0.1 cm. Triceps and subscapular skinfold thickness were measured on the right-hand side using a Holtain skinfold calliper (Tanner/Whitehouse, Crosswell, Crymych, UK), and the average of three measurements was used. Body fat percentage was measured from triceps and subscapular skinfold thickness according to Slaughter et al. 20 This equation has been proposed as the most accurate for estimation of body fat percentage from skinfold thickness in this particular population of adolescents. 21 Height and weight measures were used to calculate body mass index (BMI) (kg/m 2 ) and waist circumference and height were used to calculate waist-to-height ratio (WHtR). Body fat percentage and height were used to calculate the fat mass index (FMI; kg/m 2 ).
Overweight and obesity definition
Overweight and obesity were determined based on age and sex-specific BMI cut-offs developed and proposed for international comparisons by Cole et al., 22 recommended for use also by the International Obesity Task Force.
Normal-fat and overfat definition
Normal fat and overfat were determined using sex-specific cut-offs 23 for adolescents: 4.58 kg/m 2 in boys and 7.76 kg/m 2 in girls.
Abdominal obesity definition
A WHtR cut-off of 0.5 was used to define abdominal obesity for both boys and girls. 24 
Biochemical measurements
Venous blood samples were obtained from the antecubital vein in suitable vacutainers at 08:00 am on the interview day after 12 h overnight fasting. Tryglicerides (TG), total cholesterol (TChol), high-density lipoprotein cholesterol (HDL-chol) and low-density lipoprotein cholesterol (LDL-chol) were determined by colorimetric methods using the DAX-72 autoanalyser (Technicon, Bayer Diagnostics, New York, NY, USA). 25, 26 Non-HDL-chol was calculated as TC minus HDL-chol. 
Definitions for adverse serum lipid levels and dyslipidaemia
Statistical analysis
Analyses were performed with the SPSS statistical software package version 21.0 (SPSS Inc., Chicago, IL, USA). Level of significance for acceptance was Po0.05. Significant differences in prevalence were calculated by means of χ 2 and the two-tailed Fisher's exact test where the expected frequency in any cell was o5. Differences between group means were tested by an unpaired Students' t-test, and by analysis of variance. Multivariate analyses (multiple logistic regressions considering the simultaneous effect of each explanatory variable adjusted for gender and age) were used to assess the association between socio-demographic and lifestyle characteristics (independent variables) and dyslipidaemia (dependent variable). Table 1 shows the participants' lipid serum levels. There were significant differences in TChol and HDL-chol between boys and girls, but no differences in LDL-chol, non-HDL-chol and TG levels were found. Girls had higher TChol and HDL-chol levels than boys between 14 and15 and 16 and17 years old. Boys between 14 and 15 years old had lower HDL-chol levels than those aged 12-13. Table 2 shows the prevalence of risk categories for lipid serum and lipoprotein levels among adolescents. The overall prevalence of borderline-high+high TChol, LDL-chol, non-HDL-chol and TG was 24.3, 10.4, 13.3 and 14.9%, respectively. The TChol prevalence was higher among girls (27.8%) than boys (19.1%). The overall prevalence of borderline-low+low HDL-chol was 12.2%, higher among boys (20.7%) than girls (6.3%). This frequency increased with age in boys (from 5.7% in 12-13 year olds to 31.8% in the 16-17 year olds), while it decreased in girls (from 6.3% in 12-13 year olds to 3.3% in the 16-17 year olds). Table 3 shows dyslipidaemia components among adolescents (high TChol, LDL-chol, non-HDL-chol and TG; and low HDL-chol) according to gender, BMI status, fat mass index status and abdominal obesity (by WHtR). The overall prevalence of dyslipidaemia was 13.7%: 9.5% had 1 component, 3.9% had 2-3 components and 0.3% had 4-5 components. One adolescent had all five components of dyslipidaemia (data not shown). There were no significant differences in the frequency of dyslipidaemia between boys (14.9%) and girls (12.9%). The criteria for high TChol, TG, non-HDL-chol and LDL-chol were met by 10.1, 8.7, 7.6 and 4.5% of overweight/obese adolescents and 6.8, 3.2, 2.5 and 2.9% of normal-weight adolescents, respectively. The prevalence of low HDL-chol was 2.2% and 7.6% in normal-weight and overweight/obesity adolescents, respectively. The criteria for high TChol, TG, non-HDL-chol and LDL-chol were met by 7.2, 3.6, 3.3 and 3.3% of adolescents with no abdominal obesity; and 12.5, 18.8, 7.1 and 0% of adolescents with abdominal obesity. The prevalence of low HDL-chol was 3.0 and 7.1% in adolescents without and with abdominal obesity, respectively.
RESULTS
The association of age, anthropometric variables (BMI, fat mass index and WHtR) and serum lipid and lipoprotein levels (TChol, LDL-chol, non-HDL-chol, HDL-chol and TG) among adolescents with or without dyslipidaemia was also evaluated ( Table 4 ). No differences in age means were obtained. Boys with dyslipidaemia showed higher BMI, fat mass index and WHtR than those with no dyslipidaemia, while no differences in anthropometric variables were found among girls. Individuals with dyslipidaemia showed greater, more statistically significant values for all serum lipid and lipoprotein levels with the exception of HDL-chol, which was significantly lower in dyslipidemic boys and showed no differences between girls with and without dyslipidaemia.
Logistic regression analysis with socio-demographic and lifestyle variables ( Table 5 ) showed that the risk of dyslipidaemia was associated with overweight/obesity and abdominal obesity after adjustment for gender and age. Overweight/obese subjects were significantly more likely to have at least one abnormal lipid concentration (odds ratio: 2.10; 95% confidence interval: 1.06-4.15) and subjects with abdominal obesity were more likely to have at least one abnormal lipid level (odds ratio: 3.17; 95% confidence interval: 1.04-9.66) than their slimmer counterparts. None of the other socio-demographic and lifestyle variables considered in this study (i.e. age, gender, place of birth, parental socio-economic status, parental educational level and physical activity level) were significantly associated with dyslipidaemia.
DISCUSSION
The main finding of this study is that 13.7% adolescents living in the Balearic Islands, a Mediterranean region, has at least one abnormal lipid concentration. In spite of the differences in studied ages and the cut-off values for serum lipid level that hampered direct comparison across studies, this prevalence of dyslipidaemia is lower than those obtained in studies carried out in other populations. [27] [28] [29] Moreover, high TChol levels were the most frequent dyslipidaemia in this study, similarly to previous data obtained in children and adolescents, 28, 30, 31 in spite of the fact that low HDL-chol ( o35 mg/dl) 27 and high TG levels 28, 32 were also reported as the most prevalent dyslipidaemias amongst other child and adolescent populations.
Gender differences in lipid concentrations were also observed among Balearic Islands adolescents. Girls showed higher TChol and HDL-chol than boys after they were over 13 years old, which coincided with the onset of pubertal development. Moreover, low HDL-chol and high TChol levels were the most common dyslipidaemia in Balearic Islands' boys and girls, respectively. In other adolescent populations, girls also had a higher predominance of high TChol 28,31,33 but lower HDL-chol than boys. 27, 28, 31 However, controversial results in gender differences in LDL-chol levels have also been found in the literature. 28, 31, 33, 34 Nevertheless, it is important to note that females have higher lipid levels but lower ultimate cardiovascular disease risk than males, although the guidelines failed to account for these gender differences. 35, 36 
Serum lipid levels and dyslipidaemia
Overweight/obese adolescents showed the highest prevalence of dyslipidaemia, and also high non-HDL-chol and TG levels, and low HDL-chol levels. Overweight/obese boys also showed the greatest incidence of high TChol and LDL-chol levels. Obesity is associated with increased rates of dyslipidaemia and other cardiovascular risk factors. 37 High TChol, LDL-chol and TG levels and low HDL-chol levels have been also reported in other overweight and obese adolescent populations rather than in normal-weight subjects. 27 A higher BMI category has also previously been associated with higher prevalence of high +borderline LDL-chol levels (⩾110 mg/dl). 34 In our study, adolescents having abdominal obesity also showed the highest frequency of dyslipidaemia, mainly high TG levels. Previously, waist circumference has been positively associated to LDL-chol 27 and TG, 27, 38 and negatively associated to HDL-chol. 27, 38 Waist-tohip ratio has been also correlated to HDL-chol and TG in teenagers. 38 Therefore, the present findings are in line with previous studies showing that BMI 27, 34 and waist circumference 27, 38 are correlated to an abnormal lipid profile in teenagers.
The association between socio-demographic and lifestyle factors and dyslipidaemia among Balearic Islands' adolescents showed that just BMI status and WHtR were associated with the prevalence of at least one abnormal lipid level, but none of the other socio-demographic and lifestyle variables considered in this study (age, gender, place of birth, parental socio-economic status, parental educational level and physical activity level) were significantly associated with dyslipidaemia. Differences in prevalence of several abnormal lipid levels among age groups 29, 31, 32 or Tanner stages 27 have been previously reported. Although ethnic differences exist in the prevalence of dyslipidaemia, the estimated 10-year risk of coronary heart disease does not differ according to ethnicity. 39 Cross-sectional research in children has found geographical differences in the frequency of cardiovascular risk factors, although these variations are often partially explained by differences in socio-economic status. 1 Low parental educational and socio-economic levels were associated with the prevalence of obesity among Balearic Islands adolescents 7 although neither socio-demographic factor was associated with the frequency of dyslipidaemia among them.
To design comprehensive public health prevention programmes to reduce serum lipid levels among Balearic Islands' adolescents, the underlying factors for the high prevalence of dyslipidaemia should be sought. Nevertheless, early intervention to encourage appropriate nutrition and physical activity at an early age could be relevant strategies to prevent and/or reduce the high risk of atherosclerosis in this population.
Strengths and limitations
This study has several strengths. Firstly, it is often difficult to obtain a fasting lipid profile in large population surveys 40, 41 and even more so in children and adolescents. Secondly, the large, diverse and complex evidence base that addresses cardiovascular disease risk beginning in childhood, and the absence of decades-long event-driven clinical trials, requires consideration of substantial and consistent evidence from observational studies, developing a chain of evidence. 42 This study also has several limitations. Firstly, apoB and apoA-1 levels were not measured. However, most, but not all, studies point out that measurement of apoB and apoA-1 for universal screening provides no additional advantages over measuring non-HDL-chol, LDL-chol and HDL-chol. 43 Secondly, the guidelines do not account for variations in lipids due to race, gender, pubertal status 36 and geographic location, 1 all of which are known to have a clinically relevant impact on lipoprotein values.
CONCLUSIONS
One in ten Balearic Islands' adolescents has at least one abnormal lipid concentration. A high TChol level was the most prevalent dyslipidaemia. Low HDL-chol and high TC levels were the most 1 Significant differences between boys and girls by χ 2 : *P o0.05; **Po0.01. Significant differences between groups (i.e. normal-weight vs overweight/obesity; normal-fat vs overfat; WHtR o0.5 vs WHtR ≥ 0.5) by χ 2 : † P o0.05; ‡ Po 0.01. Table 4 . Anthropometric variables and serum lipid and lipoprotein levels among adolescents with or without dyslipidaemia prevalent dyslipidaemias in boys and girls, respectively. BMI status and WHtR were associated with the incidence of at least one abnormal lipid level. 
